Background: Postoperative nausea and vomiting (PONV) is a common complication after anesthesia and surgery; 5-hydroxytryptamine type 3 (5-HT 3 ) receptor antagonists have been considered as a first-line therapy. Ramosetron and palonosetron are more recently developed drugs and have greater receptor affinity and a longer elimination halflife compared with older 5-HT 3 receptor antagonists. The purpose of this study was to determine which drug is more effective for preventing PONV between ramosetron and palonosetron.
Introduction
Post-operative nausea and vomiting (PONV) is a common com pli cation after surgery. PONV may increase patient discomfort, disruption of surgical wound, pulmonary aspiration, electrolyte imbalance and dehydration [1] . Many nerves and neurotransmitters are involved in PONV, so prophylaxis and treatment are complex. Different drugs are effective, but only a few have proven reliability [2] . The 5-hydroxytryptamine type 3 (5-HT 3 ) receptor antagonists show similar efficacy to droperidol or dexamethasone [3] . In addition to their efficacy for PONV prevention, 5-HT 3 receptor antagonists do not produce undesirable adverse effects, such as dry mouth, extra pyramidal symptoms, dysphoria, or excessive sedation. Hence, 5-HT 3 receptor antagonists have been considered a first-line therapy [1, 4] . Among 5-HT 3 receptor antagonists, ramosetron and palonosetron are more recently developed drugs. They have greater binding affinity for 5-HT 3 receptors and a longer elimination half-life than the older 5-HT 3 receptor antagonists [5] . Of note, the most recently-developed palonosetron has far stronger receptor affinity and a longer half-life than other drugs [5] . Many studies have compared different 5-HT 3 receptor antagonists for the prevention of PONV. However, no study has evaluated the efficacy of ramosetron and palonosetron in prevention of PONV. Therefore, we designed the present randomized double-blind study to compare the efficacy of ramosetron and palonosetron to prevent PONV after gynecolo gical laparoscopic surgery.
Materials and Methods
Patients who were scheduled to undergo elective gynecological laparoscopic surgery of ≥ 1 h duration between May and August 2011, were enrolled into the study on a random basis. All enrolled patients were ≥ 20 years-old-age with American Society of Anesthesiologists Physical Status 1 or 2. The study approval was obtained from the Institutional Review Board and registered with clinicaltrials.gov under #NCT01476280, and all patients provided verbal and written informed consent before enrollment. Patients were excluded if they had received anti-emetics, steroids, or psychoactive medications within 24 h of study enrollment. Patients with vomiting or retching in the 24 h preceding surgery, patients with ongoing vomiting from gastrointestinal disease, and patients who had received emetogenic cancer chemotherapy within 4 weeks or radiotherapy within 8 weeks before study entry were excluded as well.
No patient received pre-anesthetic medications. Patients were randomly assigned to one of 2 prophylactic interventions by a computer generated number table and received a single dose of ramosetron 0.3 mg (ramosetron group) or palonosetron 0.075 mg (palonosetron group) intravenously. Trained nurses, who were blinded to the study, opened the envelopes containing the allocation group before induction of anesthesia, and then prepared study medications diluted to 2 ml. The medications were provided immediately before the induction of anesthesia. Anesthesia was induced with propofol 2 mg/kg and maintained with sevoflurane 1-4% and 2-4 L/min of oxygenair mixture (F i O 2 = 0.5). Adjunctive medication to anesthesia like remifentanil was not used. For all patients, tracheal intubation was facilitated with rocuronium 0.6 mg/kg and at the end of surgery, patients received pyridostigmine 0.2 mg/kg and glycopyrrolate 0.008 mg/kg for reversal of neuromuscular blockade. Post-operative pain was controlled using a patientcontrolled analgesia (PCA) device containing 1,000 μg of fentanyl in 100 ml of normal saline and prepared to deliver a 10 μg/h background infusion of fentanyl with a 10 μg bolus, and a lock-out time of 15 min.
The occurrence of nausea and vomiting, severity of nausea according to a visual analogue scale (VAS) (0, none; 10, maximum) and rescue anti-emetic drug use were monitored immedi ately after the end of surgery and at 0-6 h, 6-24 h, and 24-48 h post-surgery. Nausea was defined as a subjectively unpleasant sensation associated with awareness of the urge to vomit, whereas episodes of vomiting included both vomiting (forceful expulsion of gastric contents from the mouth) and retching (labored, spasmodic, rhythmic contractions of the respiratory muscles without expulsion of gastric contents). Intravenous metoclopramide (10 mg) was permitted as a rescue anti-emetic when vomiting or retching occurred or the patients requested treatment. Details of any adverse effects, including headache, dizziness, constipation, myalgia were recorded and patients were also asked to rate their overall satisfaction on a 3-point scale (satisfied, neutral, and dissatisfied) 48 h after completion of surgery. All subjects were observed and interviewed by doctors unaware of the study drug.
Sample size was calculated by a power analysis, while designing the study. Allowing an α error of 5% and a β error of 20%; it was estimated that a minimum of 49 patients per group would be required to show a 30% difference (from 60% to 42%) in the incidence of PONV [6, 7] 
Results
One hundred patients were recruited, all of whom completed the study. The patients' characteristics, risk factors, and
operative data were not significantly different between the 2 groups ( Table 1 ). The incidence of vomiting was significantly lower in the palonosetron group than in the ramosetron group at the following time points: 0-6 h (6% vs 26%, P = 0.012) and 0-48 h (14% vs 34%, P = 0.034) ( Table 2 ). The incidence of nausea and overall PONV, and the use of rescue antiemetic was not statistically different during all time intervals (Table 2 ). The severity of nausea (VAS), incidence of adverse effects, and patient satisfaction ratings were not different between the 2 groups (Table 3) .
Discussion
Emetic response in PONV is very complex and is triggered by multiple inputs that arrive from areas, such as the higher cortical centers, cerebellum, vestibular apparatus, glossopharyngeal and vagal afferent nerve. A variety of neurotransmitter and receptor systems including histaminergic, cholinergic, dopamin ergic, neurokininergic and serotonergic mediate these signals. Peripheral 5-HT 3 receptors are in vagal terminals linked to the vomiting center, and competitive 5-HT 3 antagonists can block initiation of the vomiting reflex at these sites [1] . Selective 5-HT 3 receptor antagonists have a well established role in the prophylaxis and treatment of PONV. They have greater efficacy, as well as a better safety and side-effect profile compared with traditional antiemetic agents [8] .
Ramosetron is a relatively recent drug and has a longer and more potent efficacy than previously developed 5-HT 3 antagonists [9] . There are several reports that ramosetron was as effective as or more effective than the older 5-HT 3 receptor for the prevention of PONV during 0-24 h after anesthesia [10] . Furthermore, the antiemetic effect of ramosetron can last up to 48 h [11] . The differences in effectiveness between the older 5-HT 3 receptor antagonist and ramosetron may be related to the longer elimination half life (5.8 ± 1.2 h) and higher receptor affinity (pK i = 8.5) of ramosetron [1, 5] .
Palonosetron is the latest 5-HT 3 antagonist. Its unique properties have led to it being described as the first of a second generation of 5-HT 3 antagonists. Palonosetron shows avid binding to the 5-HT 3 receptor, with a pKi of 10.4, which far exceeds the other 5-HT 3 antagonists [5] ; palonosetron has the longest elimination half-life with 40 h [8] .
The possible mechanisms of palonosetron and ramosetron 
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for preventing PONV are similar, but palonosetron is further differentiated from other 5-HT 3 receptor antagonists including ramosetron, by interacting with the receptors in an allosteric and positively cooperative manner [12] . Furthermore, palonosetron may promote internalization of the 5-HT 3 receptor and decrease the function of the receptor [13] . The collective data led to the hypothesis that palonosetron would have stronger and longer lasting antiemetic effect compared with ramosetron. In our study, palonosetron was statistically more effective than ramosetron in preventing vomiting during the first 0-6 h and 0-48 h post-surgery. It has been known that the anti-vomiting effect of 5-HT 3 receptor antagonists is greater than the antinausea effect [5] , but there has been no direct examination com paring the efficacy of ramosetron and palonosetron inspecifically curbing vomiting or nausea. A few previous com parative studies of palonosetron with ondansetron or granisetron have yielded different results, with the anti-vomiting effect of palonosetron being similar to granisetron and superior to ondan setron [14, 15] .
As mentioned above, we expected that palonosetron would have a stronger and longer-lasting effect. However, we could not detect a statistical significant difference during 6-48 h; indeed, there was a trend towards a lower incidence of PONV in the ramosetron group during that time, in spite of its known shorter elimination half-life and weaker binding affinity compared with palonosetron. It would be necessary to clarify the reasons or situations that produced the disagreement between biological properties and clinical effects of ramosetron and palonosetron. It has been established that an equal dose of 0.3 mg ramosetron is effective for prevention or treatment for CINV and PONV [16] . For palonosetron, the recommended initial treatment dose for CINV is 0.25 mg and the minimum effective dose for PONV is 0.075 mg [5, 17, 18] . However, Tang et al. [19] reported that 30 μg/kg of palonosetron is the effective dose in reducing postoperative vomiting. In addition, a post-marketing surveillance reported tolerable adverse events at a higher dose of palonosetron in prophylaxis for CINV [20] . Therefore, we think that studies are necessary to determine the efficacy and safety of higher doses of palonosetron in the prevention of PONV.
The risk of PONV is associated with various factors that include age, sex, smoking status, prior history of PONV or motion sickness, postoperative opioid use, anesthesia technique, type and duration of surgery, and others [1] . These factors were well-balanced between the 2 groups in this study. All enrolled patients were female and were anticipated to use PCA devices containing opioid. Most were nonsmokers and some had a history of PONV or motion sickness. Thus, the majority had at least 3 risk factors, corresponding to more than a 60% risk for PONV, according to the simplified risk score of Apfel [1] .
We suggest that for this reason, the present study still showed a high incidence of PONV after prophylaxis with ramosetron or palonosetron (70.0% and 68.0%, respectively, during the 0-48 h). In addition, the incidence of PONV after laparoscopic surgery has been considered to be high [21] .
Patients at moderate or high risk of PONV should receive combination prophylaxis [22] . Thus, careful studies are needed to decide the safety and cost-effectiveness of operative combination therapies using palonosetron. Blitz et al. [23] reported that the combination of palonosetron plus dexamethasone did not significantly reduce the incidence of PONV when compared with palonosetron alone for the first 72 h after laparoscopic surgeries.
Adverse effects of 5-HT 3 receptor antagonists are not clinically serious; headache and dizziness are most commonly reported [8, 17] . No difference was found in the incidence of adverse effects between ramosetron and palonosetron groups in the present study and most side-effects were mild and transient.
A control group was not included in our study because we regarded it as unethical to withhold prophylaxis in these patients at high risk for PONV. Thus, the baseline incidence of PONV was not evaluated. Another limitation is that we compared ramosetron and palonosetron based on the known optimal doses without knowledge of their equipotent doses. The manufacturer's recommended doses of ramosetron and palonosetron are 0.3 and 0.075 mg intravenous respectively, and were chosen for this study. Finally, outcomes were measured during preset time intervals (0-6 h, 6-24 h, 24-48 h and 0-48 h) rather than in a particular setting such as time intervals related to extubation, stay at recovery room, transfer to general wards, ambulation, and diet.
In conclusion, the incidence of PONV between the ramosetron group and the palonosetron group did not demonstrate a difference during the 0-48 h time period, although palonosetron results in a lower incidence of vomiting during 0-6 h post-surgery.
